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A B S T R A C T
Objective
The aim of this work was to investigate the occurrence of Roundup Ready soybean in enteral nutrition
formulas sold in Brazil.
Methods
A duplex Polymerase Chain Reaction based on the amplification of the lectin gene and the construction of the
recombinant deoxyribonucleic acid of transgenic glyphosate-tolerant soybean (35S promoter and chloroplast
transit peptide gene) was performed in order to analyze the deoxyribonucleic acid obtained from nine soy
protein isolate-containing formulas.
Results
Despite the highly processed nature of the food matrices, amplifiable deoxyribonucleic acid templates were
obtained from all tested samples, as judged by the amplification of the lectin gene sequence. However,
amplicons relative to the presence of Roundup Ready soybean were restricted to one of the nine enteral
nutrition formulas analyzed as well as to the soybean reference powder, as expected. Quantitative analysis of
the genetically modified formula by real-time Polymerase Chain Reaction showed a content of approximately
0.3% (w/w) of recombinant deoxyribonucleic acid from the Roundup Ready soybean.
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Conclusion
The results show that one of the formulas contained genetically modified soy, pointing to the need of
regulating the use of transgenic substances and of specific labeling in this product category.
Indexing terms: Soy protein isolate. Enteral nutrition. Organisms genetically modified. Food traceability.
Polymerase chain reaction.
R E S U M O
Objetivo
Investigar a ocorrência de soja transgênica em fórmulas de suporte nutricional comercializadas no Brasil.
Métodos
Foi desenvolvido o método da reação em cadeia da polimerase duplex, com base na amplificação do gene na
lectina, e na construção do ácido desoxirribonucléico recombinante da soja transgênica tolerante a glifosato
(promotor 35S e gene de peptídeo de trânsito de cloroplasto), a fim de avaliar o ácido desoxirribonucléico
extraído a partir das nove fórmulas contendo isolado protéico de soja.
Resultados
Apesar do alto grau de processamento aos quais os produtos avaliados foram submetidos, foi possível extrair
ácido desoxirribonucléico amplificável a partir de todas as amostras, demonstrado pela amplificação do gene
endógeno (lectina). Adicionalmente, o fragmento relativo à modificação genética da soja transgênica foi
detectado em uma das nove amostras avaliadas, bem como na amostra relativa ao material de referência
contendo 1,0% de organismo geneticamente modificado. As análises quantitativas realizadas a partir da
reação em cadeia da polimerase em tempo real revelaram a presença de aproximadamente 0,3% de ácido
desoxirribonucléico recombinante derivado de organismo geneticamente modificado na amostra de fórmula
que apresentou resultado positivo.
Conclusão
Os resultados demonstram que uma das fórmulas analisadas apresentava ingredientes derivados de soja
geneticamente modificada, apontando para a necessidade de regulamentar a utilização de transgênicos, e de
rotulagem específica nessa categoria de produtos
Termos de indexação:  Isolado protéico de soja. Nutrição enteral. Organismos geneticamente modificados.
Rastreabilidade alimentar. Reação em cadeia da polimerase.
I N T R O D U C T I O N
Soy proteins, which are known to be less
allergenic than milk proteins, are used in the
manufacture of many processed foods, such as
infant formulas, meat extenders, baked foods, and
dairy substitutes. Based on the knowledge that
the consumption of soy-based products appears
to reduce the risks of heart disease and cancer,
the prevalence of soy proteins in food has clearly
increased in the last decade1. Thus, soy protein
isolate (SPI) replaces (partially or totally) calcium
caseinate as the major protein source in nutritional
support formulas.
Roundup Ready soybean (RRS) has been
genetically modified to resist the effects of the
herbicide glyphosate and has become the most
prevalent transgenic crop in the world. With the
introduction of Genetically Modified Organisms
(GMO) into the food chain, questions on safety,
gene dispersal and labeling became strongly
debated among scientists and the general
public2,3. In many countries, the glyphosate-tolerant
soybean is approved for human consumption
based on food safety assessment, which considers
similar nutritional compositions4-6. There are no
deleterious effects due to acute oral toxicity and
presents good digestibility7. Food safety assessment
practices concerning GM products assume
consumption of such products by normal healthy
individuals. But since the intake of these products
by people with poor health has not been assessed,
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it should not be taken as completely safe. For
these reasons, the presence of GMO in the
formulation of healthcare products should be
clearly indicated to allow a judicious analysis of
possible detrimental effects of its use during
long-term treatment.
Polymerase chain reaction (PCR) is the most
widely used analytical method for detecting the
presence of GMO in food because of its high
sensitivity and reliability8,9. Multiplex PCR, a
technique that simultaneously amplifies multiple
target genes, will supposedly save considerable
time and effort in GMO detection by decreasing
the number of required reactions10,11.
This work investigated and quantified the
presence of RRS in enteral nutrition formulas sold
in Brazil using PCR-based methods: a combination
of multiplex PCR and real-time PCR.
M E T H O D S
Enteral nutritional formulas and
genomic DNA extraction
Enteral nutrition formulas containing SPI as
the protein source produced by three different
manufacturers (named A, B and C) were
purchased in local drugstores in Rio de Janeiro,
Brazil, between May and June of 2006. The
formulas, including powder (n=1) and ready-to-
use (n=8) preparations, are described in Table 1.
The products analyzed in this study are the most
commonly used SPI-based formulas in clinical
practice in Brazil. Fifty grams of each formula were
homogenized by manual shaking and samples
(100mg) were withdrawn for deoxyribonucleic acid
extraction. Standard flours containing <0.03, 0.1,
0.5, 1.0, 2.0 and 5.0% of RRS, prepared and
certified by the Institute for Reference Material
and Measurement (IRMM, Geel, Belgium) were
purchased from Fluka Chemika Co.
Deoxyribonucleic acid templates were
prepared from 100mg of each nutrition formula
or reference material by using the DNeasy Plant
Mini Kit (Qiagen; Hilden, Germany) according to
the manufacturer’s instructions. DNA templates
were quantified spectrophotometrically at 260nm
and the DNA quality was assessed by the
absorption ratio at 260 and 280nm, which ranged
from 1.8 - 2.0. DNA templates were stored at -20ºC.
Qualitative PCR
The PCR primers used3 were specific for
RRS detection (Table 2), since they amplify the
junction region of the recombinant DNA construct
(E35S promoter and chloroplast transit peptide 4
gene). Another primer pair, SL, forward and
reverse, was used to amplify the soybean lectin
gene (Le1), as internal control. Both primers were
purchased from Invitrogen Life Technologies (São
Paulo, Brazil), in a purified and desalted form, after
Table 1. Characteristics of the analyzed enteral nutrition formulas.
E01
E02
E03
E04
E05
E06
E07
E08
E09
AEC, APC, RF, Hyp
AEC, APC, RF, Iso
AEC, HP, RF, Iso
AEC, HP, RF, Iso
HE, HP, RF, Hyp
AEC, HP, WF, Iso
AEC, HP, RF, Iso
AEC, APC, WF, Iso
AEC, APC, RF, Iso
07.80**
05.94**
07.09**
03.78**
06.54**
08.00**
06.52**
20.00**
38.00*
Canada
Canada
Canada
USA
Brazil
Brazil
Brazil
Holland
Argentina
Sample Nutrient profile SPI (g/L)
A
A
A
A
B
B
B
C
C
Origin Manufacturer
* After reconstitution of powder.
AEC: average energy content; APC: average protein content; RF: residue free; Hyp: hyperosmolar; Iso: isotonic; HP: high-protein content; HE:
high-energy content; WF: with fiber.
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chromatography on reverse phase (C-18) spin
column.
Amplicons generated by PCR using these
primers were 125bp and 157bp in length,
respectively for lectin gene and ES35 promoter-
chloroplast transit peptide 4 junction. Multiplex
PCRs were performed in a thermal cycler
GeneAmp® PCR System 2400 (PerkinElmer;
Massachusetts, United States). The reaction
mixtures (50µL, final volume) contained 300ng
DNA, PCR buffer 1× (20mM Tris-HCl pH 8.4;
50mM KCl), 3.5mM MgCl2, 400µM of each dNTP
(GE Healthcare; Buckinghamshire, UK), 0.15 U/µL
recombinant Taq DNA polymerase (Invitrogen Life
Technologies; São Paulo, Brazil) and primers mix
1×. A primer mixture containing 0.2µM for SL
forward and SL reverse primers; 0.4µM for RR
reverse primer; and 0.6µM for P-E35S forward
primer was used to reduce the analysis-to-analysis
variability. Thermal cycling procedure included an
initial denaturation step (95ºC for 5min), 40 cycles
consisting of denaturation at 95ºC for 50s, primer
annealing at 60ºC for 50s, elongation at 72ºC for
50s, and a final elongation period at 72ºC for
5min. When assembling each PCR, mixture
reactions containing DNA templates obtained from
natural soybean and from GM certified powder
containing 1% RRS) or water were routinely set
up. Amplified products were separated on a 2.0%
agarose gel, prepared in 1× TAE buffer stained by
ethidium bromide (0.5µgmL.1) and documented
under UV light (302nm) with Polaroid type 665
films.
Quantitative PCR
Real-time PCR was performed in a ABI
Prism 7000 Detection System (Applied Biosystems,
California, United States). Considering that the
only GMO present in the formulas would be from
RRS, quantitative analyses were performed using
the GMO Quant Roundup Ready® DNA
Quantification kit (Applied Biosystems, California,
United States). This assay uses specific probes to
detect the 35S and lectin amplicons, labeled by
fluorescent dyes FAM and VIC, respectively. PCR
mixture reactions (20µL final volume) contained
20mM Tris-Cl pH 8.0, 10mM KCl, 150µg/mL
bovine serum albumin, 60nM ROX passive
reference, 5.0mM MgCl2, 200µM of each dNTP,
5 U/reaction of AmpliTaq gold DNA polymerase,
and 100ng of each DNA template. Thermal cycler
conditions were as follows: preincubation at 95ºC
for 10min, 40 cycles consisting of DNA denaturation
at 95ºC for 15s and primer annealing at 60ºC for
60s. DNA templates obtained from certified
reference materials were used as positive reaction
controls. All measurements were carried out in
triplicate.
Average and standard deviations of delta
threshold cycle (Ct) values (CtRRS – CtLEC) were
calculated using the GMO Analysis MacroTM v 1.7
(Applied Biosystems, California, United States).
IRRM containing <0.03%; 0.1%; 0.5%; 1.0%;
2.0% and 5.0% were used to construct the
standard curves by plotting ∆Ct values against log10
of DNA amount and fitted by linear least square
regression. The RRS content of the nutrition
formulas (in percent) was determined by
interpolation with the standard curve of Ct values.
All measurements were performed in triplicate.
R E S U L T S  A N D  D I S C U S S I O N
In view of the complexity of the food matrix
and the technological process used in the
Table 2. Primers used in qualitative polymerase chain reaction using isolated DNA from enteral nutrition formulas.
SL for
SL rev
P-E35S for
RR rev
ATGGGCTTGCCTTCTTTCT
CCGATGTGTGGATTTGGTG
CATTTCATTTGGAGAGGACACG
TGGGGTTTATGGAAATTGGAA
Primer Sequence
Lectin gene
Lectin gene
E35S promoter
chloroplast transit peptide
4gene
157bp
125bp
Specificity Amplicon expected
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manufacturing of enteral nutrition formulas, the
DNA extracted from such samples could be
damaged or fragmented or even contaminated
by PCR inhibitors12,13. The DNeasy Plant Mini kit,
a DNA-binding silica resin, was chosen to obtain
amplifiable DNA templates from those highly
processed materials14,15. Indeed, using this
methodology, it was obtained amplifiable soy DNA
from all samples, as confirmed by the amplification
of the lectin gene sequences that produced the
expected amplicon of 157bp in all duplex PCR,
regardless of whether it was performed using DNA
templates obtained from GM soybean reference
materials or enteral nutrition formulas (Figure 1,
lanes 2 to 5). On the other hand, the amplification
of the 125bp fragment, exclusive to the presence
of RRS (event GTS 40-3-2), was restricted to those
duplex PCR reactions performed using DNA
templates from the E09 sample and from reference
standard GM soybean powder (Figure 1, lanes 3
and 5). The GM-positive formula (E09) was also
analyzed by real-time PCR in order to quantify
the amount of recombinant DNA from RRS present
in this product. The critical parameters were Ct
and delta Ct values (CtRRS - CtLEC) and the standard
curve was constructed by a semi-logarithmic linear
regression analysis from Ct values obtained when
DNA templates obtained from GM soybean
reference standards containing different
percentage of GM soy were analyzed as well as
from their respective delta Ct values derived from
the fluorescence signal. The percentage of
recombinant DNA from RRS of each food sample
was calculated using the delta Ct value from the
individual sample and the parameters associated
with the standard curve16. Quantitative analysis
revealed the presence of approximately 0.3% of
recombinant DNA in the E09 sample, with the
correlation coefficient of the standard curve being
0.9943 (Table 3).
Table 3. Quantitative assessment of the Roundup Ready soybean in enteral nutrition formula E09 by real-time polymerase chain
reaction.
0.1% GMO soy
0.5% GMO soy
1.0% GMO soy
2.0% GMO soy
5.0% GMO soy
E09
12.48
13.14
13.64
10.23
10.94
11.45
09.77
09.84
10.10
08.75
07.91
08.53
07.14
07.19
07.53
11.70
10.88
12.57
13.09
10.87
09.87
08.40
07.29
11.72
0.47
0.50
0.05
0.59
0.04
0.58
Sample/standard Delta Ct
0.1*
0.5*
0.9*
2.4*
4.9*
0.3*
Mean delta Ct S.D. delta Ct %GMO
* r2=0.9943.
Ct: cycle of threshold; SD: standard deviation.
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A low percentage of recombinant DNA as
that found in formula E09 - 0.3% -suggests that
the amount of RRS detected would be adventitious.
Low percentages of recombinant DNA from RRS
were also detected in 14.7% of 200 processed
soybean-based foods analyzed previously17, using
a similar experimental design.
The use of GMO-derived ingredients in
food products is controlled in Brazil. Regulation
11105/2005 states that all foods or food
ingredients, for human or animal consumption,
containing more than 1% of GM ingredients should
include the information about the transgenic source
in the product label. Indeed, resolution 449/1999
from Agência Nacional de Vigilância Sanitária
(National Health Surveillance Agency in Brazil),
containing the Technical Regulation for Setting of
Identity and Quality for Foods for Enteral Nutrition,
did not mention GMO.
The glyphosate-tolerant soybean is
approved for human consumption in many
countries based on food safety assessment, which
considers the similar nutritional composition4-6, no
deleterious effects due to acute oral toxicity and
has good digestibility7. However, toxic effects
concerning GMO have been described. Significant
changes in nuclear features were described in the
nuclei of hepatocytes18 and in testis Sertoli cells19
in mice fed GM soybean. Moreover, significant
amounts (14%) of GM food also seem to influence
zymogen synthesis and processing in mouse
pancreatic acinar cells20 in parallel with a
significant lowering of nucleoplasmic and nucleolar
splicing factors and perichromatin granule
accumulation21. If changes in transcripcional/
translational pathways can occur, studies on the
safety of GMOs for human consumption should
be performed in experimental animal models
before submitting it to authority assessment
because the risk associated with it should be
characterized to determine its relevance to human
health22. However, risk assessment is carried
without taking into consideration possible
deleterious effects of this diet on persons with
compromised health status. Additionally, some
pathological processes such as cancer or
neurological diseases23 could provoke several
metabolic changes and/or toxic processes, so the
consequence of long-term diets containing GMO,
even in low concentration, on such population
should be carefully assessed.
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